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INTRODUCTION 



Honey Is as old as history Itself. It was laioum to the 
ancient Egyptians and the Hebrews, to the OreeXs and the 
Romans, and to all the peoples of Asia, In Egypt, apicult- 
ure foitned a considerable industry, but the Asiatic nations 
had no need of that since the wild bees supplied them with 
honey sufficient for their needs. 

Since it was their chief source of sugar, honey foimed 
an Ijnportant article of food for the ancients. However, 

its usee were not confined to one. The ancient Egyptians 
used it in erabaUnlng. The Romans boiled it with wine and 
water and prepared their "nrulsum," which came down to more 
modem times in slightly varied foisn as the old English 
"laead, " and the "Plment" of Chaucer's day. Although it was 
forbidden as an offering in the Jewish Ritual, it was used 
in many heathen fonns of worship. The libation, which the 
Oreelcs offered to the dead, consisted of honey and wine, and 
pure honey was offered as a sacrifice to the sun by the Peru- 
vian aborigines. To the fsbled serpent guardian of the 
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Acropolis a honey cake was offered monthly. Even now, on 
New Yearns day, at Madagascar, the queen and her guests eat 
rice and honey* 
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PART I 

we modems are seldcin, if ever, peimltted to regale 
ourselves on the faa^-famed honey of Mount Hymettus, where 
the ancients dedicated a temple to Apollo, protector of the 
laees. we nnist content ourselves with honey less famed, yet, 
proTDably, no less delicious, provided the bee is allowed to 
produce honey ns nature Intended it should. Left free to 
follow its instincts, the bee goes out to gather the nectar 
from the flowers, returns to the hive, and stores the honey 
thus obtained in the cells which its co-workers have pre- 
pared. The nectar of the flowers, containing, according to 
Wilson,! mainly sucrose and levulose was thought by Kraut* 
and Roders* to undergo a change in the bee's body, a theory 
later conf iimed by von Plants and Erlenmeyer* who succeeded 
in isolating from the bee's body a feisaent having power to 
invert cane sugar, and to change starch to dextrose. It 



iPhaim. Jour. Tranp., (s) 9:225. 
azeitschr. f. chem. vmdPhaim., 6:s59, 
8 Arch. d. Phaim., (2) 116:29. 
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would seem probable that some of this feiment goes over Into 
the honey Itself. After the honey has been stored In the 
cells, and before the latter are sealed, the bee introduces 
Into It a slight quantity of formic acid, whose source is 
the sting of the bee, and whose purpose iftillenhoff i disoov- 
' ered to be that of a preservative. He arrived at this con- 
clusion after noting that uncap:;ed honey contained no foimic 
acid, and fermented readily, while a small quantity of form- 
ic acid added to this same honey prevented any feimentation. 

Although the honeys thus gathered vary according to 
their age, and with the season and the climate, their gener- 
al coDpositicm remains the same. Invert sugar foms the 
chief constituent, levuiose being, perhaps, slightly in ex- 
cess. That cane sugar is a noimel constituent of honey was 
for a long time a matter of dispute. Kraut,? in 1863, 
stated absolutely that honey contained no cane sugsj, al- 
though, in 1849, soubeiran' had mentioned the presonne in 
honey of a sugar capable of inversion, along with two other 
sugars, one of which was grape sugar, while the other did 
not crystallize and was twice as strongly levo rotatory 

•*• 

iRep. Anal. Chem. , 84:331. 

azeitschr. f. chem. and Phaim. , 6:358. 

•compt. nend., 28:744, 745. 
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as Inverted cane sugar. Even as late as 1884 Eisner* 
stated tliat pxxre honeys contained only invert sugar. Bartha 
in the following year reported the presence of cane sugar in 
some undoubtedly pure honeys, and, since that time, a small 
though varying percentage of cane sugar has been considered 
a nounal constituent of honey, whether this varying factor 
is due to the fact that the bee is able to invert only a 
limited amount of cane sugar in the nectar of the flowers, 
the amount varying with the individual or with the time of 
the year, la still a matter of conjecture. Honey contains 
a considerable percentage of water, and a very small ash 
content. In addition there are slight amounts of nitrogen- 
ous substances, and, sometimes, treoes of wax and pollen. 
Plan ta-Rlohenau» added to the constituents already given al- 
bumen, peptones, fat, lecithin, salts, ethereal oils, and a 
feinent capable of inverting cane sugar and of converting 
alb\sains to peptones. 

concerning the nature of this feiment some woi*: was 
done by Axenfeld* in 19CS. He claimed it to be Invertln 

«*• 

*Kep. Anal. chem. , 84:186. 
•Phaim. Ctr.-H., 26:87 to 93. 
»Ibld., 21:202, 203. 
*Ctr. Bl. f. Physiol., 17:268, 269. 
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having ita source In the body of the bee. Langer.i In the 
same year, declared that the fement had two sources, namely, 
the saliva of the bee, and the nectar of the flowers. In 
demonstration of this statement he claimed to have Isolated 
the feiment from buckwheat honey, and, by Inoculating a 
squirrel therewith, to have obtained a serum which would re- 
act with buckwheat honey, producing a precipitate. He 
stated his belief In a possibility of obtaining specific 
serums for the various varieties of flower honey, these to 
foiw an unfailing test for the purity and character of any 
honey in question. Maipmaim* divided honey feiments into 

three kinds; the first, an inverting fenaent, the second, an 
alcohol producer, and the third, proteolytic in character; 
that is, possessing the power to convert albumins into solu- 
ble peptones. These ferments are present only in fresh hon- 
ey, never in boiled honey. Furthemore, Marpmann claimed 
that the presence of these feioents could be deteimined by 
certain color reactions. Though their value as a proof of 
purity nay well be questioned, the presence of these fer- 
ments seems to be undoubted. 

The albuminous constituent of honey, already touched 
upon in the discussion of feiments, was brought to notice by 

*** 

ischweiz. woch. f. Phaira., 41:17, 18. 

2Pham. Zeltung. 1904, p. loio. Digitized by Google 
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Erlenmeyer and von Plsntai In 1874. Upon boiling, filtering, 
and evaporating a honey solution, they obtained an alcoholic 
solution of the re8l<Jue which proved to be albuminous in 
character. At the same time they noted that the nectar of 
flowers contained a similar nitrogenous constituent, al- 
though they did not consider it an alb\anen. The 8Ub;)ect was 
taken up again in 1902, when Brautigam « isolated the same 
albuminous constituent by means of acetic acid and a satur- 
rated solution of NaCl. in this investigator's opinion the 
albuminous constituent partooK of the character of a peptone 

and had its source In the saliva of the bee. He proved his 
statement by the fact that honey produced entirely by cane 

sugar feeding contained this peptone. on the other hand, 

purely artificial honey contained none of it. In flower 

honeys of known purity, he found both peptone and albumin. 

several minor constituents of pure honey remain to be 

mentioned. First of these is phosphoric acid which Hehner * 

claimed to exist in pure honeys to the extent of 0.013 to 

0.0Z5 percent, soheitz « made mention of some aldeliydes 

which he believed existed in all pure honeys, giving them 

flavor and odor. Of the action of honey imder polarized 

••# 

IK. Rep. Phaim., 23:610. 

•PhaiTO. Zeitung., 47:109. 

^Analyst, 18C5, p. 217. 

♦Arclilv. d. Phann. (3) 1:423. C^r^r^rt^o 
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light, upon analysis, and upon feimentation, more will bo 
said at a later time. Very recently. In 1905, Hllger called 
attention to the invarlatle malic acid content of honey. 

A dextrlnous substance in pure honey was not thought 
possible until 1885, when Barth ^ stated his belief that all 
honey contained it in greater or less degree. Up to that 
time dextrin had been considered an indication of adultera- 
tion. In the previous year Haenle « had published his worlc 
on coniferous honeys which differed from ordinary honeys in 
that they rotated the plane of polarization to the right, 
and in that they contained marked amo\mts of a dextrln-lllce 
substance. Earth's belief that even nectar honeys con- 
tained some dextrin-like substance was later corroborated by 
Mader » in 1890, He believed that the honey dextrin had its 
source in the nectar of the flowers, or else fonaed some in- 
termediate stage in sugar production. Just what is the nar- 
ture of this honey dextrin, which is present in the pine 
tree honeys, is still unsettled. Amthor and stem,* in 
1889, Isolated it from the dextro rotatory honeys and deter- 
mined some of its properties. Thoy believed it directly un- 

*#• 

iPhaim. ctr. H. 26:87 to 95. 
aPhaiTO. Zeitun/r. , 1884. P. 787. 
»A. H. 10:S99 to 444. ' 
*Zeltschr. Ang. Chem., 1889. P. 64. 

Digitized by VjOOQIC 



Digitized by 



Google 



9 

feznentable but capable of Inrerslon Into dextrose. The 
glucoaezon derived from It coincided with the one derived 
from pure dextrin. During the eame year von Raumer ^ agreed 
that this dextrln-llKe substance was unfeimen table, in fact, 
he Isolated It by means of feimentlng a 10 percent solur- 
tlon of honey and precipitating the dextrin with alcohol. 
Upon inversion he found the substance to be fezm^table. He 
believed it similar to gaiiisln in its optical activity, but 
dissjmilar in its reducing power. In 1891 BedKmann and 
Hllger * stated their belief that this honey dextrin belonged 
to the bloses. They discovered that it was soluble In 
methyl alcohol. At a later time von Raumer » slightly re- 
vised his f oxmer statement. He still affirmed the presence 
of a dextro-rotatory substance in all honeys; since all hon- 
eys beccne dextro-rotatory upon feimentatlon, with beer yeast, 
a process which dest]?oys the invert sugars, acting upon the 
dextrose even more rapidly than upon the levulose. Unless 
some such dextro-rotatory substance was assumed, the dextro- 
rotation of the feimented honey could not be explained. 
Purtheimore, If honey were made up of pure invert sugar it 
would rotate considerably to the left, when, as a matter of 



^Zeitschr. Ang. Chem., 1889. p. 64. 

•Ibid., 1891. P. 571. 

'zeltschr. Anal. Chem., 3s:397 to 408. 
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10 

fact, In spite of the excess of levulose over dextrose In 
pure honey, Its rotation was usually very slightly levo and 
soflDetlmes dextro. Thus a dextro-rotatory substance, coun- 
teracting the natural leyo-rotation, had to be assumed. He 
belieyed this substance to be Inteznedlate between dextrin 
and sugar. Beoknann,}^ in 1896, precipitated various dex~ 
trlns by means of barium hydroxide and discovered that the 
emount of precipitation varied with the molecular weight of 
the dextrin. Since honey dextrin precipitated but slight 
amounts as compared with starch dextrin, he ccmcluded its 
nature to be that of an achroo dextrin of low molecular 
weight. At the same time, he noted that nectar honeys fomed 
a flocculent precipitate with methyl alcohol, while pine- 
tree honeys foimed scarcely any. On the other hand, ethyl 
alcohol precipitated the dextrin from the pine-tree honeys 
quite completely. During the same year, Kiinnemann and Hil- 

ger a isolated honey dextrin end concluded from its Ca]. 

d 

and its i>e<3ucing power that it partook of the nature of an 
achroodextrin with a slight aebnixture of maltose, sonetlne 
later, in 190S, Haenle and soholz > isolated the dextrin 
fron pine-tree honey by means of f einientatlon with wine 
yeast and found it to contain 6.5 percent of directly re- 

^Zeitschr.. Anal. chem. , 1896. P. 26s, 
aporschb. ii, Lebensm. etc., 3:329, 350. 

•Zeitschr. Unters. Nahr.-Genuaam. , I90s.-Pp. ToS^ngl^l. 
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(tuolng substance, 9.28 percent of a substance which became 
reducing after an inversion of one>half hour, and 26,44 per- 
cent of a substance which reduced after an inversion of 
three hours. Furtheaaore , they stated that the pure pine- 
tree honey rotated the plane of polarization +21», while 
after feimentatlon, which destroyed both dextrose and levu- 
lose, the dextro- rotation had Increased to +50<», The in- 
crease could liave been accoBspllshed only by an unfennentable 
dextro-rotary constituent. In the following year Hllger* 
isolated the dextrin by means of a mixture of ethyl and 
methyl alcohols. He stated the natuire of this substance as 
aXln to an aohroo-dextrln, an intermediate between starch 
and sugar. Furtheimore, he claimed that every coniferous 
honey possessed a characteristic dextrin of constant specif- 
ic rotati<m. All of these honey dextrine reduced Fehling's 
solution, becoming hydroiyzed by the allcall. They did not 
foim osazones, and were with difficulty, scmetimes not at 
all, feimented by strong organisms. 

These abnoimal honeys, already spolcen of as pine tree 
honeys, or coniferous honeys, were first examined and their 
existence af filmed by Haenle a in 1884. Hitherto, 

**• 

i2eitschr. imters. Nahr.-Genussm. , 1904. Pp. 110 to 126 
aphaim. Zeltung., 1884. F. 787. 
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it had "been supposed that pure honeve invariably rotated the 
plane of polarization to the left and were free from dextrln- 
0U8 substance. Haenle stated positively that pure dextro- 
rotatory, dextrin-oontainlng honeys existed, and his state- 
ment was oonfiimed in the following year by Kiinger» and al- 
so by jimthor* who supposed this dextro-rotatory, dextrln- 
lilce substance, v/hich he had isolated by means of alcohol, to 
be derived from the pine tree exudations or honey dew. 
These honeys contained traces of chlorides and sulphates and 
differed from nectar honeys mainly in their dextro-rotation, 
their large content of a dextrin -lilte substance, and their . 
dark color, as compared with most nectar honeys. 

In 1894, von Kaumer published same» analyses of pine 
tree honeys, as follows:- 

Sugars, Direct, - - 68 to 88 jt, 
Siigars, Invert, - - 77 to 90 ^, 

Rotation, Direct, - - (-0.4® to + 4.7©) 

Rotation, Invert, - - (-l,o« to + 2.4») 
Rotation, after Fenaentee- 

tion, - - - - (+3,80 to + 7.66«), 

The honey dew fron which, in dry seasons especially, 
the bees man\ifaoture the pine tree honeys, is an exudation 

*** 
iRep. Anal, chew,, 1885. 5:166 to 188. 

«Ibid., 1885. Pp. 163 to 166. Digitized by GOOgle 
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from the pine trees. Various analyses of this honey dev 
have l>een given,- the first t>y Wlleyi In 1891. His results, 
were as follows: 

Water, 54.40 ^, 



( Invert sugars, 17.44 jt, 

solids, 45.59 ^, ( 

(cane sugar, 8.16^. 

leaving 19.99 percent of solids unaeoounted for. From the 
disparity in the polarization of the honey dew, and the oal- 
oulated polarization, due to the invert sugars, he realized 
the presence of a strongly dextro-rotatory constituent, 
which he concluded to be arabinose with Cc-U ^ = 105?. In 
1894, von Reumer* recalled seme older analyses of honey dew. 
The earliest one was given by Doberelner: unorystallizable, 
fennen table sugars, mucous, and traces of albumen and of a 
characteristic add. Later Uftger reported: 

unger: Dextrose, - - - - 25.00 it, 

oum, - - - - 8 to 20.00 ^, 
Insoluble matter - - 0.75 ^. 

Mnnnlte, salts, etcetera, 53.00 4>^ 

Bousslngault: Cane sugar, - 48 to 58.00 ^. 

Invert sugar - 24 to 28.00 4i. 
Dextrin, - - 19 to 23.00 ^. 



^m, chem. Jour., 13:24. 

■Zeitsohr. Anal, chem., 33:397 to 408, 
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Von Saumer added an analysis of his own: 

sugar dl3?eot, 16.00 to 17.00 ^, 

Sugar Invert, 28,50 to 28.60 ^, 

Dextrin, - _ - S9.40 ^, after fermentation 
T/lth compressed yeast. 

A8h - - - - 3.02 ^, 

Nitrogen - - - s.l7 ^ ( calculated as albur- 
mlns. ) 

Rotation, direct - - -• + 22 to SS*. 
Rotation, invert - -• - + 20 to 21«» 
Rotation after fermentation - + 66.5 <> 

The large difference betweoi the sugars before and 
after inversion Indicated a large cane sugar content. After 
fermentation he calcinated back from the alcohol produced 
end found a larger percentage of sugar indicated than was 
shown by reduction. He concauded the presence of some in- 
teimediate feimentable, non-reducing substance in the honegr 
dew. Likewise, he called attention to the large perc«itage 
of ash, as compared with normal honey. The high dextro-ro- 
tatlon after inversion he considered as another indication 
of the preeenoe of some highly dextro-rotatory substance. 
He stated his belief that the dextrine of the honey dew were 
changed in the body of the bee so as to become more easily 
dialyzed. 
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There are other Iclnds of honey dew Isesldes that ob- 
tained from the pine tree. In 1877, Hofftnann* noticed a 
sticky sweet substance upon the leaves of a house plant, the 
camellia Japonlca. This honey dev consisted mainly of g\an- 
my material. It was not due to the presence of the aphis, 
since no trace of insects could be found. Bomier^^ in 
1896, also stated his belief in a hcney dew not due to the 
presence of the aphis. It resembled the nectar of flowers 
more than ordinary honey dew,- being composed of levulose, 
dextrin, and gum, but no cane sugar. Physically, it was 
odorless, sweet, and hygroscopic. His theory was that it 
appeared at night when great changes of temperature occurred. 
An analysis given by Mr. Wiley,' in 1893, gave the composi- 
tion of a honey having its source in honey dew appearing as 
the result of the presence of the aphis. ' 

Invert sugar, - - - 71.50 i^, . 

cane sugar, - - - 6.04 ^, 

Ash, ^ - - - - 0,62 ^, 

other solids, - - - 21.76 ^, 

The solids unaccoimted for were thought, by this inves- 
tigator, to be arabinose \1^X = IO50, possibly. This honey 

*«* 

iJahresb. yortsohr. Chem., 1377. p. 928. 

acoBipt. Rend,, New Eng. Dr., 1896. P. 6B6. 

•Jour. Aaer. Chem. soc, 189S. P. 350. Digitized by CiOOgle 
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dew honey contained a low percentage of Invert stigar, a high 
percentage of ash, and was dextro-rotatory. In 1900, Mar- 
ouenne^ reported on a honey dew present on the camellia ja- 
ponica. It appeared in dry seasons, always accompanied by 
the aphis. Crystals of dulcite foxmed in the concentrated 
solution, while the mother liquor contained Invert sugars. 
He believed this honey dew to be the resiilt of the perforar- 
tion of the plant cells by the sting of the aphis. 

There are a number of other honeys made by the bee, 
which are rare and, therefore, do not enter to any extent 
into oonmeroe. One of these is eucalyptus honey, a sample 
of v/hich was found by a French traveller and sent to Paris 
for analysis. It was fotind to contain:* 

Sugar, - - _ _ 61.10 4, 

water, - - - - 21.68 ^, 

Ash, - - - _ 0.18 i^ 
Euoalyptol, Eucalyptene, 

Terpene, Cymol, et cetera, 17.10 ^. 

It possessed the taste and odor of eucalyptus oil; was deep 
orange in color, and was said to have medicinal properties, 
Maquenne,* in 1890, reported a eucalyptus honey, made by 

*«* 

iBull. soc. Chim, (3) 21:1082, loss. Paris. 

aphaim. Ctr.-H., 38:444. 

»Ann. 0hl». Phys., (6), 17:495 to 500. ^ j 
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tlaok bees, and stored up. In Immense hives in the soaaalts of 
the eucalyptus trees. The honey was thlclc and artmatlc; con- 
taining Invert sugar, traces of gum, and a small arnotmt of 
aromatic substance. Again, in 1891, Passmore,i mentioned a 
eucalyptus honey which was darX, syrupy, tending to cryBtal- 
llzo and faintly aromatic. It contained dextrose, levulose 
small smounte of galactose, but no cane sugar. It was ob- 
tained by the bees from a substance which was white, nenl- 
orystalline, sweet, and aromatic, soluble in water and abso- 
lute alcohol. It reduced strongly, although the sugar con- 
stituent was non-reducing before inversion and reducing aft- 
er inversion. He concluded that it was similar to melitri- 
ose, a condensation product of galactose, dextrose, and lev- 
ulose. 

Another so-called medicinal honey was described in 1879 
by Viiiiers;* it was an Ethiopian honey, produced by a moe- 
quito-like insect, and stored up underground without any 
wax. The natives called it "Tazma" and used it as a cure 
for throat trouble. Its composition was: 

water - - - 25.5 ^, Dextrin - - 27.9 4, 

Fermentable sugars, Mannlte - - 3,0 ^, 

Levulose and Dex- Ash - - - 2,5 fo, 
trose in excess 32,0 ^, 

iProoeed, Araer. Phaim. Assoc, , 1891. P. 443. /^^^^i^ 
acompt. Rend., 88:ift92* Digitized by ^^OOglL 
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It contained, also, a slight "blttfer principle. There was no 
cane a\igar present, thus differing frcm honey and honey dew. 

In 1882, Pranchlnonti described a honey frcm S\anatra, 
produced by the Apis Indloa. It contained: 

Water - - - 26.60 f;, 

Ash - - - 0.2Z <^o 

Wax, pollen, maize, -traces. 

The remainder consisted of invert sugars in the ratio of: 

Levulose : Dextrose =5,92 : 7,41 
There was neither cane sugar nor dextrin present. 

The Mexican Honey Ant manufactures a honey described 
by wetherlll,a in 1853, It was composed mainly of levulose 
with some cane sugar, A characteristic acid, resembling 
formic acid was present. The honey was darlc in color and 
sweet in taste. 

In 1857, Karsten* mentioned a honey made by a spsoies 
of wasp. The honey resembled that made by the bee, and con- 
tained large crystaJ^s of cane sugar, which was at that time 
considered an impurity if present in honey. 

There remain for mention the poisonous honeys, which in 
ancient tjnes laid low xenophon 's ten thousand Oreelcs who had 

*** ' ' 
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partalcen of it too freely, Pliny mentioned It at a later 
tune, ascribing 11b polaonous properties to the Azalea Ponr- 
tlca. It resembled pure honey In physical appearance and, 
as Thresh^ stated In 1887 was derived from the Azalea Fon- 
tlca, which containBa pols(mou8 principle, hence, the toxic 
properties of the honey. 
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PART II 

The adulteration of honey has been practised for many 
years, the cruder methods of earlier years giving place to 
the more skillful falsification necessary to meet greater 
luiowledge of the true composition of this food, until the 
chemist often finds It difficult to prove an adulteration. 

in literature, the first mention of adulterated honey 
seems to have been made by Lassalgne,^ In 1845. French hon- 
eys, he stated, were largely adulterated with glucose* Lat- 
er, In 1870, Hager^ described a so-called Swiss Table Honey, 
consisting of a mixture of honey and glucose* A somewhat 
similar honey was described In 1886 by Amthor, 3 which ccm- 
slsted of a mixture of honey and Inverted starch paste, and 
which sold \aider the name of Dr. Eschmann's Schwelzer Alpen- 
honlg. These honeys usually resembled pine honey In phys- 
ical appearance, except for the fact that they woiad not 
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crystallize upon standing. 

Up to 1884 It was thought that glucose might be profita- 
bly added indirectly to honey by feeding. In fact, in 1863, 
both Kraut 1 and Roders^ mentioned such an adulteration. The 
fOTiaer described the honey so derived as hard, yellowish, 
not very sweet, and containing only dextrose. Pr<an this 
fact he concluded that the bee stored up dextrose without 
any change, Roders also examined such honeys, finding them 
to contain dextrose together with another dextro-rotatory, 
non-reducing substance, not dextrin. Later, in 1869, a 
statement appeared in the Sohweiser ^^ochenschrifts to the. 
effect that bees had been fed on glucose with a resulting 
honey resembling pure honey. Eisner.* in 1884, was the 
first to mention that glucose could not with profit be fed 
to bees, since it caused disease. He found that the bees 
refused glucose, but woxUd feed upon a mixtvire of glucose 
and honey. The resulting honey was dark, thin, and slight- 
ly dextro-rotatory. According to Bcclonann, * in 1896, such 
a honey pi^oduced only cloudiness with methyl alcohol as well 
as with methyl alcohol and Ba(0H)3 while with Iodine it gave 
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no color reaction* thus resembling pure honey m these re- 
spects* 

Admixture of cane sugar has been practised to some ex- 
tent, and much of this adiateratlon Is accomplished throx^gh 
feeding the bees with cane sugar syrup. Barth^ , In 1885, 
mentioned this as Injurious to the bees; hoirever. It Is fre- 
quently resorted to, more especially during the winter 
months when other food Is lacKlng* nehner^ considered that 
such honeys contained no cane sugar though his statement was 
disproved later by Llppmann's data on such honeys .^ The 
honeys described had resulted when the bees resorted to sug- 
ar refineries, and the cane sugar-content sometimes became 
as high as 16 ,38 percent, Hefelmann* and utescher* carried 
on a lengthy polemical discussion as to the proper classi- 
fication of such honeys. The foimer argued that. Inasmuch 
as the be&-Keeper could not control his bees, a oane sugar 
content having Its origin In the sugar syrups of the reflnr- 
erles could not be considered an adulteration. The latt«? 
affirmed Just as strongly that such a product was not » Honey" 
since It h8.d an origin other than the nectar of flowers. 
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According to Hef elmaim, i when the bees are fed on cane sugar 
fsyrup. alone, they are able to Invert only two- thirds of the 
cane sugar* some Interesting experiments in c»ne sugar 
feeding were carried on in 1899 by Haenle*^ A 3S ^ solit- 
tlon of oane sugar, rotating ■f96o and non->reducing, was 
fed in three portions. The first portion was flavored with 
oil of roses, the second, ^Ith anise, after inversion with 
wine yeast, while the third portion was unflavored. The re- 
BiUtlng honey, in each case, was odorless, sweet, brown in 
color, and rotated - S<»« The first honey contained slight 
traces of dextrin. A honey which had its source partly in 
nectar of flowers, and partly in the ssrrups of a canning 
factory, was brown, sweet, waxy in taste, contained traces 
of dextrin, and rotated -12» to -is®. von Raumer,^ in 
1902, experimented along this same line and concluded from 
his results: 1st, that bees invert all but a email percent- 
age of cane sugar; 2nd, that bees change fermentable, non- 
reducing sugars; Srd, that bees do not thrive on dextr incus 
food. He believed that the honey dextrins differed from 
starch dextrins, and that the dextrins were changed by the 
yeast enzyme, first to sxigar and later to alcohol. 
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The most skillful adulteration of Honey conelsts In the 
manuf aotxire of an entirely artificial honey by a new prooese 
of Inverting oane sugar. The operation of Inversion Is ao- 
compllshed by oarbonlo aold gas under high pressure. After 
the Invert sugar has been obtained, the pressure Is released 
and the carbon dioxide Is given off. No tell-tale Inopuiv 
Itles are left behind In process of manufaotiire, and the In- 
vert sugars are not to be distinguished from those normally 
present In honey. After the addition of a few percent of 
cane sugar, sor.e artificial coloring and flavor, with a few 
other additions to produce the proper amount of ash, the 
product fairly defies detection, to say nothing of proof. 
As early as I887i a patent was published by which honey 
could be made from 35 parts dextrose, 40 parts leviaose, 
cane sugar sufficient to give to a 10 fo solution a rotation 
of l* ( solell - VentzKe ) and essences to supply the odor 
and taste of honey. The essence may possibly have been bi>- 
tyrlc ether. The whole was heated to homogeneity, after 
which a little honey was added to give It the desired granu- 
lar appearance. In 1891, welgle^ reported an artificial 
honey consisting of Invert sugar, water, mineral matter, a 
little free acid, and essences to supply the odor and taste 
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Of honey. Also, Claaewi,^ In 1896, mentioned an adultera- 
tion oomposed of Invert sugar and pure honey. Two very re- 
cent oonmerolal products were mentioned by Beythien,* In 
1905, sold under the name of "Honamln, " and "Truktin.* The 
former contained 20.03 ^ of water, 54.54 ^ of invert sugars, 
23.46 ^ cane sugar with slight amounts of tartaric and foim- 
ic acids. This product upon being boiled contained 69 ^ of 
invert sugar, 17 ^ water. 14 ^ cane sixgar, and artificial 
coloring. 

one artificial honey, so extraordinary as to meet speo- 
ial notice was reported in 1887.3 xt was a Dutch product 
and consisted of a mixture of invert sugart cane sugar, dex- 
trin, oleomargarine, and ash constituents. 
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PART III 



DxJTlng the earlier part of the past century, the pub- 
lished work on honey was limited mainly to methods of puri- 
fication* To be sure, its action ^mder the blow pipe, with 
oxalic acid, with copper compoxmds, and with borax was noted 
but all of these earlier researches were scattered, xmsyste- 
matic, and unscientific. At present the analysis of honey 
is generally confined either to the analysis of a sample of 
known purity with the object of Increasing our Imowiedge of 
the composition of pure honeys, or to the analysis of sam- 
ples of unknown origin, for the purpose of detecting adul- 
terations. A brief discussion of some of the methods used 
in such an.?J.y8es follows. 

The specific gravity of honey which in 1834 was coj»- 
sidered by Volter* a criterion of purity, 1.450 to 1.425 be- 
ing considered the limits of a pure honey, was proved value- 
less as a test by Schumacher - Kopp,* in 1881, since glucose 
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honeys varied between 1*425 and 1»445 while ptire honeys va- 
ried between 1*39 and 1.45* indeed, as Levy, ^ in 1902, 
pointed out, young honeys sometimes rvn as low as 1.072 to 
l»095« Specific gravity Is, however, found of use In com- 
putation of the percentage solids In a honey. 

The method of making molstxire determinations In honey 
have undergone considerable revision, in 1885 Wiley and 
Broadbent ' devised a method of dehydration according to 
which the honeys were dissolved In alcohol, and dried over 
sand at 98.5<» 0«, for six hoiirs. Mansfeld^ in 1891 sug- 
gested drying over sand, at a temperature below 100° C, un- 
til a constant weight was attained. He gave 20 percent wat- 
er as a maximum. Villaret* in 1893 favored drying in vacuo 
at 80O c, and subsequently In tm oven at a higher tentpera- 
ture. He considered 23.34 percent of moisture an average. 
Hoitsema" in 1899 suggested drying in vacuo for a week or 
Tmtll a constant weight was attained. His object was to 
obviate the use of heat and the consequent danger of deooot- 
position of the leviaose. Stautt and Oharron^ in 1905 advo- 
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cated the use of dlmlnislied pressure at SO® to VO* for a 
period of several days. Whenever decomposition of the levii^ 

4 

lose fras avoided, the method became Impracticable by reason 
of Its length. Therefore, the method now in general use 
consists In a detemlAatlon of the specific gravity of a so- 
lution of definite strength and con3)utatlon of the percwit- 
age solids from a table. The moisture will be the differ-' 
ence between one hundred percent and the percentage solids. 
In analysis of honey for adiateratlon, the percentage 
of ash proves of value only when used In conjunction with 
other data. As a rule, the figures are low: according to 
Dott,i 0.2 percent, according to Allen,* 0.1 to 0.25 per- 
cent, and, according to Racine, ' 0.24 to 0.3 percent. A 
lower figure indicates cane siigar or Invert sugar, while a 
much higher figure indicates glucose. In 1890, Wiley and 
Edson* showed that carriers were more often a hindrance than 
a help in ashing, since they might interfere with further 
qualitative analysis of the ash. The process of ashing hon- 
eys is identical with that followed in syrups and sugars of 
all kinds. The honey in evaporated to dryness, dharred and 
leached. The residue is ashed, the leachings are added, and 
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after a second evaporation the rhole ie heated to a low red 
heat. 

in 1876, lifenlere^ found eame French honeys which had 
been colored with roasted, powdered hread. In Imitation of 
the dark Brittany honeys. In modem times small qiian titles 
of yellow coal tar dyes are added to accomplish the same re- 
sult* To determine the presence of these dyes, the Arata 
wool test Is used. According to Ley^ and Bomer' natural 
honeys do not dye wool and do not turn red with HCl imless 
heat Is apiaied. Yellow coal tar dyes, on the contrary, dye 
wool, and turn red with HOI In the cold. 

Pollor. and wax are sometimes estimated, according to 
Holtsema, *i:y collecting on a filter, drying, and weighing. 
Slnoe they vary In quantity and quality, their presence Is 
no criterion of the purity of a honey. 

Optical activity, as such, can not be regarded as a 
test for purity. To he sure, nearly all honeys are levo-ro- 
tatory, and xrp to the time of Haenle's discovery of dextro- 
rotatory honeys any dextro-rotatlon had been considered an 
Indication of glucose. L^iz's test," setting a smaller ro- 
tation than - 6o 30 ' for a honey solution of definite 
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strength ae a sign of adulteration, was, by Haenle's work, 
proven fallacious* Hotrever, the polarization of a honey con- 
tinues to be an important factor in a more Indirect way, 
since it is used in Clerget's formula for csne sugar content. 

From time to time various reagents have been suggested 
which were expected to give characteristic reactions with 
pure honeys. Lead subaoetate was for a long tjbne used as a 
test for purity. It was said to produce cloudiness or opal- 
escence in pure honey and a heavy precipitate with adulte3>- 
ated honey* This test was pointed out as fallible by 
utescheri in 1895, since he found pure honeys which gave a 
heavy precipitate while some adulterated honeys gave only an 
opalescence. The precipitation was due to the presence of 
the free orgcnic acids, such as malic acid, and of albumin- 
ous matter, and, naturally, varied in amounts* The tannic 
acid and ammonia test was also criticized by Lenz, inasmuch 
as the color reactions which distinguished pure honeys from 
cane sugar honeys became useless in the case of dark honeys. 
Ley, 3 in 1893, published a method of detecting more than 20 
percent of Invert sugar, 10 percent of cane nu^sx^ glucose, 
and molasses, by the use of his special reagent. It was de- 
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signed to give certain charaoteristic color reactions and a 
fluorescence in ptire honeys , dua to the presence of volatile 
stfbstances present. Uarpinann^ devised a special apparatus 
in connection with which he uses several reagents* The 
amount of precipitate fonaed the criterion of purity, Ihl* 
in 1890 invented sane color tests irith j>li0nols, depending 
upon th3 aronatic ccnpounds in piire honey. Phloroglucin 
with HCl gave a pale red; resorcin with HCl gave a bright 
red; anilin sulphate idth HOI gave a yellow color. The ba-> 
riUQ and silver nitrate tests sre no longer considered of any 
val\i9, since the glucose used for adulteration is produced 
free froni sulphates and chlorides* A reagent suggested by 
Hager'in 1885 was intended to detect glucose by the color and 
the precipitate produced. Bedonann^ in 1896 claimed to be 
able to establish glucose and dextrin adulteration by means 
of the color reaction with iodine solutjion. All of these 
special reagents, depending in most oases on the presence 
or absence of variable substances, have en;}09red only pass- 
ing favor. In present day analyses the percentages of ash, 
solids, reducing sugars, and cane sugar are preferred to 
the more enq;>irical reactions with these special reagents* 

*** 

^Schweiz. Wochschr. Pharm*, 40:590, 591. 

*ohaa. Zeitung., I89c. P, 3. 

'Phaasa. Otr.-H., p, 327. 

*zeitschr. Anal, chsm., 1896. Pp. 263 to 284p^p.(jlp 



Digitized by 



Google 



52 

MloroBoopy of honey hae also been suggested from time to 
time, as a method of analysis. Hager^ favored Its use In 
detection of starch and in the Identification of character- 
istic pollen particles and of wax. Since the last men- 
tioned substances may be readily added to an artificial hon- 
ey, their presence can be no proof of purity. Another at- 
tempt to establish a microscopical analysis of honeys was 
made by Pflster, but was disqualified for similar reasons. 

when glucose adulteration was first mentioned by Las- 
saigne,' in 1845, its detection was a simple matter because 
it invariably contained CaSO^ as en impurity Tftiich was de- 
tected by means of barium chloride and ammonium oxalate. 
Then glucose came to be more carefully manufactured this 
method of detection became useless. 

Still another method, depending upon the dextrin con- 
tent of glucose, was proposed in 1880 by Plantc Reichenau."* 
This consisted in the addition of alcohol to the honey in 
Question. Opalescence indicated a pure honey, while a heavy 
precipitate indicated glucose. Only recently, in 1902, Levy 
pointed out that mere opalescence was sometimes produced in 
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artificial honeys, probably In cases where dextrin-free glu- 
cose was used* Planta Helchenau's method was modified by 
Kllngep.i He dissolved the alcoholic precipitate in water 
and detezmlned the polarization of the solution, inactivi- 
ty Indicated pure honey, while dextro-rotation indicated 
glucose. To this fiub^ect Barth* added the statement that in 
the case of pure honey the precipitate is floccvaent, while 
in the case of glucose it is sticlcy and amorphous. Hager' 
in the same year noted that alcohol added carefully to glu- 
cose honey formed a milky contact layer, while in pure honey 
no contact layer is formed. Beotanann* in 1896 discovered 
that methyl alcohol fonned a heavy precipitate with glucose 
and a fiocculent one with normal honey, with pine tree honey 
and grape sugar honey, while ethyl alcohol formed a heavy 
precipitate with pine tree honeys or grape sugar honeys. 
Moreover, he used Ba(OH)j and methyl alcohol to deteiroine 
quantitatively, by the amount of precipitate fonned, the 
amount of glucose used. 

Another method devised by Planta Eeichenau^ depended 
upon the fact that the reducing sugars in pure honeys, which 
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were 63 to 71 percent tetore Inverelon, Increased ty about 
8,33 percent upon Inversion with HaS04, due to the cane sug^ 
ar content. The reducing sugars In glucose honeys, on the 
other liand, were originally only about 37 percent, hut In- 
creased about 44 percent after Inversion according to his 
method* 

The method of analysis depending upon the fermentation 
of honeys was Introduced by Sleben In 1884.1 His data led 
him to afflnn that pure honey after fermentation with yeast 
became Inactive while those containing glucose became dextro- 
rotatory, due to the presence of xaifeimen table dextrin. 
This statement was confirmed In the same year by Hehner.^ in 
the following year Kllnger' stated that pine tree honeys, 
originally dextro-rotatory, became inactive or slightly 
levo-rotatory. The method was, however, in his opinion l2i>- 
praotioable on account of its length. Barth* stated that he 
found some pure honeys which became dextro-rotatory aft«p 
fermentation, though this might have been the result of la- 
c<anplete fermentation. He believed that a rotation of more 
than +12« after fermentation indicated glucose* sleben 's 
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method, briefly, consisted In fennentatlon with cong)reBsed 
yeast at room temperature for a period of forty-eight hours. 
Subsequent Inversion did not change the activity of pure 
honey, "but glucose honeys became slightly less dextro-rota- 
tory, due to a change from dextrin to dextrose* Kayser^ 
added to this method that more than +1«» rotation after 1»- 
verslon indicated admlxtiire of fclucose, also that when the 
dextrin converted by inversion to dextrose was determined by 
Allihn's method more than 1 percent dextrose Indicated &6f 
mixture of glucose. In 1889, Oastlne? claimed that honey 
would not ferment completely except upon admixture of a pre- 
pared yeast food, for the yeast, containing nitrogenous mat- 
ter, von Raimiei>-Erlangen3-ln the following year disputed 
the need of such a food. The deipTee of fermentation, he de- 
clared, depended upon the kind of yeast used. Most ccaoplete 
fermentation coiad be obtained by the use of con^'re'^'^ed 
yeast, while beer yeast was weaker and wine yeast, weakest 
of all. Mader* in the same year discarded Sieben's method, 
as such, but believed that fermentation might be profitably 
applied. In a case of pronounced dextro-rotatlon, to distin- 
guish between glucose and dextrcse^, in such a case feimenta- 

••• 

izeitschr. Anal. Chen., 1888. P. ??l. 

acompt. Rend., 109:479. 

'Zeltsohr. Angew. chem., 1890. P. 421. 

4A. H., 10:399 to 444. Chem. Ctr.-Bl., 1890. r^f^ZZS^:^ 

Digitized by VjOOy l-^ 



Digitized by 



Google 



36 

tlon woLild change the dextrose to alcohol, and the residue 
would tie inactive, while glucose, if it had heen used, woiad 
leave a dextro-rotatory residue, due to the unchanged starch 
dextrine present* However, he remarked that all honeys con- 
tained a dextrinr-llke substance, which was more or less 
readily ferruented. Such an unfermentahle constituent ex- 
isted, according to i^thor and stem^ and also according to 
von Raianer.' Thus, Sleben's method , which depended upon the 
total absence of such an xinfermwitable cwistituent In pure 
honeys, xras shown to be incorrect. Furthermore, in 1894, 
Partheil' obtained markedly varying results with different 

4 

fermentation periods. In 1896, Kunnemann and Hilger pointed 
out the source of error in sieben's method. He prescribed 
the use of compressed yeast, vrhich acted more readily on 
honey dextrins than on starch dextrine, and caused inactivi- 
ty in the case of the pure honeys which he analyzed* Thus, 
not knowing that all honeys contained a honey dextrin in va- 
riable quantities, and variously affected by the length of 
the fermentation period, he ^i-'niped at the conclusion which 
he set forth in his method* Beckmann^ in 1896 added a few 
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data on the subject of fermentation. "^-esBt fermented all 
tut 17 percent of pine tree honey dextrin; 27 percent of 
grape sugar dextrin, precipitated "by CaHgOH; 40 percent of 
glucose dextrin when precipitated tjy CgHgOH, and 62 pero«it 
when precipitated hy CH, OH. while considering that normal 
honey dextrlns or pine tree honey dextrins were more readily 
f eiroented than starch dextrins, he did not consider this re- 
liable as a method of separation. 

Another method devised by sieben* was based on the de- 
struction of the levulose by continued boiling with HCl for 
three hours. The add was neutralized wi'Si NaOH, and the 
dextrose was determined by Alllhn's method. 

Finally, Sieben* claimed to be able to detect glucose 
by inverting the cane sugar, neutralizing the acid, and de-> 
terminljig the reducing sugars. The filtrate wns Inverted 
for a seoond time with one-tepth of its volume of acid for 
one hovir. Any dextrin present was in this way converted to 
dextrose, and showed in the reduction of pehling's solution. 
More than two mg. of cuO, thus obtained, indicated admixture 
of glucose. Barth* pointed out that even pure honeys some- 
times contained sufficient dextrinous matter to give more 
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than two mg, of cuO, 

In 1890f Haenlei became Interested In the effect of di- 
alysis on honeys. As a result of his experiments, he stated 
that all pure honeys became either inactive or levo-rotatory 
after dialysis, rrhile glucose adulteration became evident in 

« 

a dextro-rotation. To this statement, Dieterlch^ took ex- 
ception, claiming from experience that prolonged dialysis 
caused dextro-rotation in all honeys, the exact point of 
neutrality being impossible of determination. Each man's 
followers took up the srgvment. Sendele^ and Neuberger* up- 
held Haenle's view, and went so far as to send cleverly 
adulterated honey samples to several eminent chemists, among 
whom Haenle was the only one to discover the adulteration* 
This triumph was out short by Amthor^ who returned this sam- 
ple, after further additions, to Haenle, who pronounced it 
pure. The invariable dextro-rotation spoken of by Diet«fich 
was explained by Mansfeld as due to the more rapid diffusion 
of the levulose. Amthor followed up the matter only to dis- 
cover that after five days' dialysis not only all honey so- 
lutions but even dilute glucose solutions became inactive. 

*## 

iPhaim. Zeitving., 1890. P. 441. 

azeitschr. Nalir. Hyg. '^aarenk., 1892. P. 457. 

3Ibid.. P. 272. 

*Ibld., 1893. Pp. 165 to 165. 

^Viertelschr. Chem. Nahr. aenussm., 1893. p. 24. 
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Alttiough Parthelli In 1894 pretended to te atle to distin- 
guish, by means of the degree of dextro-rotatlon, whether 
the honey was of coniferous origin or adulterated with gli*- 
cose, the method was discarded as impracticahle and inaccui^ 
ate. Still, von Raumer," while aclcnowl edging the Ijnpraotlo- 
atility of direct dialysis suggested the value of dialysis 
after fermentation, since the honey dextrlns dialyzed so 
much more readily than the starch dextrins. In 1896, 
Bottler* remarked that dialysis proved of value in detecting 
adulteration only in case Impure glucose, that is, glucose 
containing dextrin, had t>een added to flower honeys* Becl&- 
mann* concluded that while glucose dialyzed more slowly, 
still, it dialyzed just as completely as flower honeys, but 
that dextrins insoluble in CH3OH could not be dialyzed. 

iiie latest method of glucose deteimination was devised 
by Leach. > Assiming that 26.048 gr. of glucose polarized 
+ 175« at ordinary temperatures on the sugar scale, in a 
200 mm. tube, and + 163^ at 87o c; these being the average 
figures fbr commerolal glucose ^ he calculated the amount of 
glucose present in a given mixture, from the formula: 

##« 

^Apoth* zelt\mg«9 9:662. 

azeltschrt Anal. Chem., ss:S97 to 408 • 

^zeltschr. Nahr# Hyg# T7aaren]c#, 1895. Pp. 69^ 70. 

*Zeitschr. Anal. Chem., 1896. P. 263. 

cjour. Arner. Chem. soc.^ 25:982 to 987. ^ I 
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G s -JiLl_?.l-^-^°_ at ordinary teiiperatiires. 
175 

where 0« percent gLucoee; a« direct polarisation of the 
laixtttt© on tlie VentzXe-Soheitilep sugar scale; s = percent 
cane sugar according to Clerget, Since at 87© c, invert 
sugar polarizes 1 , he divided the invert rotation of the 
honey at 87«»c,, by 165, the invert rotation for glucose 
at 87oc,, for the approximate percentage of glucose. 

When invert sugnr is used to adulterate honeys, its 
detection is fairly iapossible, since invert sugar is the 
main constituent of pure honeys. In 1894, Deltour^ sug- 
gested that the ratio between dextrose and levulose might 
prove of some value in distinguishing the invert sugar nat- 
urally present in honey fron that which was artificial. 
However, he considered the variable rotation of the levulose 
with the temperature an obstacle in the operation # Two 
yeers later yiley* published his foimula for dote mining the 
levulose in a honey, or other saccharine product. This 
formula depended tipon this variable rotation of levtaose. 
He discovered that one gran of levulose in one hundred cubic 
centimeters of solution caused a definite rotation, which 



*Rev. Intern. Palsif., 7:182, 18s. 

■joum. Amer, Chem. Soc, 1896. Pp. 81 to 90, 
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decreased uniformly nith the increase of temperature, rhen 
the temperature vras raised to 87° c, the levulose rotated 
3ust as far to the left as the dextrose did to the right, 
the result teing 10°. At 15« C, a normal solution of 
levxaose rotates -148,6° on the sugar scale. The change 
per degree Centigrade was 0,0357o pep gram of leviaose* The 
foiTOiaa, as it is derived from these data reads: 



R - R« 
L s= 



0»0?;57 (t - t" ) 

where L = weight of levulope; R = rotation at the higher 
temperature t; R* = rotation at lower temperatiipe t»; and 

L« = L X 100 ^ 
W 

where L» = percent of levulose; v; = the weight of honey 

which Is made up to 100 cc8# This Is usually 26»048 grs. 
the normal weight for the Instruments 

invert sugars are, however, as a rxile, determined ac- 
cording to the method of Alllhn or by Defren-o* Sullivan's 
modification of this method, as they are given by Leach# 
Both depend upon the reduction of alkaline copper siilphate 
to Cu^O, which Is converted to CuO and weighed* Tables 
have been compiled from which the amount of Invert sugars, 
taken as dextrose, may be calculated from the amoiait of OuO* 
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Starch, though an extreaaly crtida adulterant, was 
often tested tor either by means of an Iodine solution, as 
given by Krekel* in 1888, or raicrosoopically. 

Uolasses, liKewise a very crude adulterant, was deter- 
mined, according to Krekel, by the large percentage of ash 
over and above the noiraal 0,2 percent; also, the large 
amounts of chlorides , as detemined with AgNO, and the lack 
of phosphoric acid were marlts of distinction betrreen honey 
ash and molasses ash. BecKmann,' in 1896, detected mo- 
lasses by the addition of lead acetate and methyl alcohol, 
7;liich revealed as little as ten percent of molasses, be- 
cause of the heavy precipitate which foimad. 

Cane sugar, both as an adulterant and as a natural con- 
stituent of honeys, is deteimined in one of two ways: eithsi" 
by the polariscope, using Clerget's foimula, or by calcur- 
lation from the difference between tlia reducing sugars, be- 
fore and after inversion. The f oimer method was first used 
by Lassaigne* in 1849. The rotation of tha normal solution 
is determined before and after inversion at the same temper- 
ature. Then: 



^ « 100 (a - b) 
f Cane sxjgar = ^ *" 



144 -f 



**• 



ipharm. Post.; National Drug., 1888. P. 79. 
'Zeitschr. Anal. Ghem., 1896. Pp. 263 to 284. 
»Oanpt. Rend., 28:774, 775. r^^^^T^ 
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where as direct rotation of 26.048 grs., n^de up to 
100 COB.; b « invert rotation; t « tamperatirp© . In 1898, 
Friihling mentioned a most important fact in sugar analysis , 
namely, that a honey solution, due to its content of invert 
sugars, did not give a nomal or trua reading unless heated, 
or treated with a drop or two of anoonia, or unless allomd 
to stand for twenty-four hours. This was called tlM phe- 
ncmenon of bi-rotation. In 1902, Tolman* stated that the 
levo-rotation varied in proportion to the aoaount of HOI 
used, other things being equal; also that the levo-rotation 
increased, in the presenoe of HCl, in proportion to the 
teoperature. He suggested that a correction ought to be 
made in Clerget's fozmula for the HCl; Also, he recco- 
connnended 20^ c, as the proper tempera turo for the readings. 

Lenz,' in 1885, recommended that cane sugar be calcu- 
lated froD the reducing sugars before and after inversion. 
The difference in the amount of reducing sugar multiplied by 
the factor 0.95 gave the amount of cane su^tst, according to 
Mansfeld.* Krekel,'' in 1888, stated that more than 5 per- 



^Zeitschr. offent. chem., 4:174 to 178. 
*Joum. Araer. Chem. Soc. , 1902. Pp. 515 to 524. 
^Zeitschr. Anal, chem., 1885. 
Chem. otr.-Bl., ^88 5. P. 152. 
*Zeitschr. Allg. Osterr. Apoth. Ver., 1891. P. S39. 
»Phaia. Post.; National Dr. 1888. P. 79. 
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cent of cane euger Indicated an adulteration* Tl» present 
United States standard allows a maxLioua of 8 percent. An- 
other method, no longer used after a cane sugar content was 
considered normal, was due to Hager,^ in 1885* Whan HaSO^ 
was added carefully to honey, a cane auger honey fonned a 
brown contact layer which caused the liquid, when slialcen, to 
turn black and opaque. Honey formed a very slight, if any, 
layer, and the solution, when shaken, was brown and trans- 
parent. 



^Chem, Ctr.-Bl., 1885. P. 764, 
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EXPERIMENTAL 



A oolleotlon of honeys, which had been obtained by th« 
seoretary of the Vatlonal Bee Keepers* Association from dif- 
ferent members of the association, was placed at my disposal 
and a number of samples were chosen for analysis. This ool> 
lection had been on exhibition at the St. Louis Exposition, 
and the samples were not only, in all probability, pure but 
represented honeys gathered while only one flower was In 
bios con, as nearly as this coxud be regulated by the bee- 
Xeeper. 

The methods followed in analysis were very nearly those 
given in Leach,- Food Inspection and Analysis, the object 
being to deteimine the composition of pure honeys. Inasmuch 
as the honeys were various in kind and f ron widely separated 
localities their comparison may prove of interest. In every 
case there were deteimined: the percentage of ash; the per- 
centage of solids; the percentage of cane sugar; the per- 
centage of reducing sugar, and the rotation at an elevated 
temperature. 
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In the cane Bugar determination half the normal weight, 
13 #024 gTBt Of honey was weighed In a tared glass healcer; 
dissolved in hot water, and clarified "by means of a drop op 
two of lead subaoetate and a few cubic centimeters of alum- 
ina cream. After cooling, the roiution was made up to 100 
cubic centimeters in a grrriuated flask and allowed to stand 
twenty-foxir hours. It was then filtered, and a reading was 
taken at about 20^ Ct, in a 200 mm« tube in a Schmidt and 
Haensch sugar polariscope* The reading was miatiplied by 2 
to give the reading for a normal solution • 50 ccst of this 
solution, with 5 ccs. of concentrated HCl, were gradually 
heated up to 68^ C», cat rhich temperature all the cane sug^ 
ar had been inverted^ The operation was carried on in a 
water bath, and bo timed that it consimed about fifteen minr- 
utest Care was exerclned in preventing a rise in tenpera- 
ture above 70^ c», since in Buch an event any dextrinous 
matter possibly present woxild hpve become inverted* vrhen 
the solution had cooled down nufficlently a polar iscope read- 
ing was taken at the same temperature as the first reading, 
and the cane sugar was calculated by Olerget^s foimiaa, al- 
ready mentioned: 

^ 100 (a - b) 

144 - 1 
2 

50 ccB. Of the Inverted r?olutlon r^ere then Introduced Into a 
50 to 55 cc. flask, neutralised with strong KOH, usl^ig 
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phenolphthaleln as an Indloator and made up to 55 ccs . The 
solution was then placed In a water jaolceted tuhe, and the 
temperature was raised by means of a constant temperature 
apparatus, which allowed a continuous stream of hot water to 
flow through the jaclcet of the tube. The temperature was 
usually raised to between 60° and 70» C, and the reading at 
870 c, was calculated from the dlfferwice between the read- 
ings at the elevated temperature and that at the original 
temperature, since this supplied the change per degree rise 
In temperature. 

The cane sugar was likewise detexmlned by calculation 
from ti-*^ Increase In reducing sugars, after inversion, using 
a modification of Defren-0' Sullivan's method, so ccs. cuso* 
solution + 30 ccs. alkaline tartrate solution -<• 50 ccs. dis- 
tilled water were Introduced Into an Erlenmeyer flasK and 
heated In a boiling water bath for five minutes. Then 25 
ccs. of a honey solution, so diluted that about o.isgrs.- of 
sugar was used In each detennlnatlon, were Introduced and 
heated In the boiling water exactly fifteen minutes. The 
solution was then filtered through a weighed Ooooh platlnvn 
crucible containing a layer of asbestos fibre; the process 
was hastened by means of a suction flask. The Oooch cruci- 
ble, after sufficient washing with boiling water, was dried 
In an oven and heated to a dull red heat In the oxidizing 
part of the Bunsen flame for fifteen minutes, After^ cooling 
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It was weighed. The difference In weight was due to CuOf 
and the percentage of reducing sugars was calculated fron 
Defren'o tables as dextrose* The solution was prepared "by 
weighing acciurately about 2grs* of honey, making up to 
100 oc8«, diluting 25 CCS. of the first solution to 100 cos. 
and using 25 ccs, of this second solution for a detemiina:- 
tlon. TO determine the reducing sugars after Inversion 
25 ccs. of the first solution were treated with 5 cos. HClt 
Inverted by heating gradually to 68o c, neutralized by KOH, 
using phenophthaleln as an Indicator, and making up to 
100 ccs. 25 ccs. of this Inverted solution was used for a 
second determination of reducing svigars as before. The dif- 
ference between the reducing sugars before and after Inver- 
sion was due to cane sugar, and was calculated Into cane 
sugar by multiplying by 0.95. 

The total solids In honey were determined Indirectly. 
25 grs. Of honey were dissolved In water and made up to 
100 ccs. The specific gravity was deteimlned at 15o C, 
on the Westphal Balance, and the total solids were conqputed 
from a formula:- 

T. S. = 4 D. S. 
where D = specific gravity, and S *= percentage of solids 
(sugars) as taken from Table VI., In the Appendix of Bulle- 
tin, No. 65, of the Bxtreau of Chemistry, united States De- 
partment of Agriculture. Digitized by CjOOglC 
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To deteiBiine the ash content, 25 cos* of the solution 
made up Tor the sreclfic gravity deteisalnatlon, correspond- 
ing to 6.S5 gis.of honey, were Introduced into a weighed 
platinum dish, the honey evaporated and charred, and then 
burned down in a muffle oven* The dish was cooled and 
weighed* The difference In weight divided by 6.25 gave the 
percentage of ash In the honey* 

On the following pages will be found a compilation of 
the results obtained* Column B represents the theoretic- 
al invert reading at the same temperature as the actual in- 
vert reading calculated from the levulose* The leviaose is 
calculated according to Wiley's formula, from invert rota- 
tion at ordinary and at elevated temperatures # The levu- 
lose multiplied by 2 gives the theoretical amount of in- 
vert svigar, and this, in turnt is converted by the factor 
0*95 into the equivalent amount of cane sugar • The calcu- 
lated invert reading of the cane sugar is placed in column 
B# Col\mn C represents the theoretical invert reading, 
calculated from the total solids* Assuming that all the 
solids are Invert sugar and cane supar, the cane sugar Is 
subtracted from the solids to give the invert sugar. This 
is converted by the factor 0«95 into the equivalait amount 
of cane sugar, the originally present cane sugar is added, 
and the Invert rotation calculated for the entire amount is 
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placed In Colijniii C. The flgviree in oolimxn D represent 
the invert rotation calculated from the total rertucini? sugar; 
that iSt the reducing sugar after inversion* This total 
invert sugar is calculated to cane sugar, as before, and thc 
theoretical invert reading placed in column Dt B - A, 
C - A, and D - A represent the differences between the act- 
ual invert rotation and the calculated invert rotations. 

The results, as described above, were not given for 
Numbers 12 and 29 because of unsatisfactory Mc:h temperature 
readings. number 71 in an old honey, with nn r^ :-ormally 
high cane sugar content, and was presumably not gathered 
under the precautions already stated. Number F*^ vras consid- 
ered suspicious because of its syrupy consistency, which 
resembled glucose more than honey. In addition to an ab- 
normal cane sugar content, it showed en especially high dex- 
tro-rotation at 87o c#, and gave a very decided precipitate 
with lead subacetate. 

Several of the honeys rrhlch were especielly dextro-ro- 
tatory at 870 C, were treated with ethyl and with methyl 
alcohol, according to Bectanann. The honeys bo tested wer? 
Numbers 1, 24, and 53. In each case, a brownish, floccu :;it 
precipitate, presumably honey dextrin, was formed, I'^hioh ras 
most voluminous in the case of Number 53. 
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1 White Clover, 1.0787 81,89 18. ll 0.140 18.2 

9 Raspberry, 1.0795 8?. 70 17.30 0.055 16.4 

10 Alfalfa, 1,0794 82.6? 17.37 0.057 20.8 

11 Sage, 1.0798 83.03 16.97 0.080 24.9 

12 cotton, 1.0741 77.07 22.93 0.150 22.6 

13 Ilelon, 1.0774 80.50 19.50 0,300 20.8 

14 White Clover, 1.0792 82.45 17.55 0.090 22.5 
19 Clover, 1.0788 81.98 18.02 0.142 25.0 
24 Fall Flowers, 1.0787 81.89 18.11 0.401 16.0 

28 BassrooA, 1,0798 83.03 16,97 0.203 22.5 

29 Orange Bloom, 1.0778 80,94 19.06 0.087 22. P 

30 Buckwheat, 1.0780 81,17 18.83 0,128 21,.^ 
?1 LaiJ^el, 1.0778 80.94 19,06 0,320 26.2 

32 Wild Buckwheat, 1,0770 80,82 19, 1« 0,107 23,2 

33 AlSike Clover, 1,0791 82,33 17,67 0,059 24,5 
36 IJan^Ove, 1,0768 78,89 21,11 0.191 21,0 
47 Mexico, 1,0763 79,38 20,62 0,224 20,7 

49 fiaw Palmetto, 1,0776 80,71 19.29 0,310 16,5 

50 Wild Buckwheat, 1.0790 82.21 17.79 0.160 16.4 

51 Wild Buckwheat, 1.0783 81.52 18,48 0,076 21,6 

52 White Clover, 1,0827 80,99 19,01 0,060 18,8 

53 White OnkB, 1,0832 86,65 13,35 0,922 22,5 
€2 Clover, 1,0820 85,34 14,66 0,080 19,5 
71 Dandelion, 1.0806 83.85 16.15 0,104 22.0 
90 White Clover, 1.0778 80.94 19.06 C,0605 25,2 
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-12.7 


-15.62 


78.86 


80.66 


#^v #38 


1.71 


Oregon. 


-20.6 


-24.20 


82.22 


84.98 


2.64 


2.62 


!.!alne. 


-18.4 


-22.44 


84.61 


87.28 


2.64 


2.54 


Kansas, 


-18,0 


-22.66 


83.23 


86.51 


3.54 


3.11 


California. 


-22.0 


-23.74 


80.43 


81.62 


1.32 


1.13 


south Carolina 


-14.0 


-17.16 


78.37 


80,37 


2.36 


1.90 


Illinois. 


-12.0 


-14.30 


84.31 


85.93 


1.73 


1.53 


Michigan. 


-15.0 


-15.40 


83.18 


84.78 


1.82 


1.52 


Michigan . 


- 8,8 


-13.20 


74.66 


78.02 


3.23 


3.19 


Minnesota. 


-16.0 
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81.17 
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1.89 
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80.06 
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3.07 


2,61 
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1.64 


Florida. 
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81.01 


82.96 


2.31 


1,91 


California. 


-12.8 


-15.62 


82.22 


84.23 


2.14 


1.90 


Wisconsin 


-25.5 


-26.62 


80.54 


83.60 


0,83 


0.218 


1 Florida. 


-12.8 


-15.62 


75.00 


76.94 


2.11 


1.84 


Mexico. 


-17.6 


-20.90 


77.50 


80.26 


2.45 


2.62 


Florida. 


-17.6 


-20.24 


78.75 


80.40 


1.94 


1.56 


California. 


-16.0 


-18.48 


82.77 


84.83 


1.86 


1,95 


Wisconsin. 


-1?.8 


-17.38 


80.67 


83.12 


2.65 


2,61 


New York. 


+17.8 


+ 6.60 


67.02 


76.64 


8.45 


9.13 


Arkansas. 


-11.2 


-13.75 


83.19 


85.51 


i,8r 


2,20 


Wisconsin. 


- S.6 


-in, 48 


76.59 


87.80 


11.18 


10,65 


Wisconsin. 


-11.6 


-14.74 


80,54 


83.60 


2.38 


2.90 


Wisconsin. 
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1 ^hlte Clover, -15.62 -27.31 -27.18 -26.74 

P Raspberry, -24.20 -29.46 -28.24 -28.98 

10 Alfalfa, -r2.44 -21.96 -25.80 -28".29 

11 Sage, -22.66 -26.77 -23.74 -25.84 

12 Cotton, 

13 Melon, -17.16 -25,54 -25.73 -25.65 

14 ^7hite Clover, -14.30 -23.72 -25.41 -26.73 
19 Clover, -15.40 -24.35 -24.55 -25.37 
24 Pall Plovrers, -13.20 -27.63 -28,06 -26,68 

28 Basswood, -19.14 -26.69 -25.87 -25.87 

29 Orange Bloom, 

30 Buckwheat, -18.26 -23.31 -25.73 -26,13 

31 Laurel, -18.70 -23,30 -23.77 -24,68 

32 ?lld Buckwheat, -23.76 -27,90 -24,90 -25,92 

33 Alslke Clover, -15,62 -24.91 -24,86 -25,33 
36 Mangrove, -26,62 -25,01 -24,84 -26,64 
47 Mexico, -15.62 -25.40 -24.70 -24.59 

49 Saw Palmetto, -20.90 -29,47 -27.45 -27.25 

50 ?/ild Buckwheat, -20,24 -28,24 -27,88 -27,22 

51 ^lld Buckwheat, -18,48 -24,79 -25,73 -26,76 

52 'Thite Clover, -3 7,38 -25,50 -26,66 -27,42 

53 V:hite Oaks, + 6,60 -24,08 -27,09 -23,64 
C2 Clover, -13,75 -27,38 -27,83 -27,86 
71 Dandelion, -18,348 -26.80 -27,07 -28,15 
90 y,'hite Clover, -14,74 -24,33 -24.18 -24,93 
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CONCLUSIONS 



In the experiment nl work with honey tg^ It was observed 
that the polarlscoplo method for determining cane sugar gave 
more satisfactory results than the method of calculating 
from the invert sugar before ^oid after inverBion# The du- 
plicates agreed more closely, pointing to greater accuracy, 
and the rapidity of the process recommended it# On the oth- 
er hand, the results calculated from the reducing sugars 
were Invariably lowej? than the polariscopio results, point- 
ing to losses inherent in the process, because of its length 
ajid complicated natvire# 

contrary to statements made by Leach and others, the 
data show that dextro-rotatlon at 87o c«, is the rule rather 
than the exception* Since invert svigar polarizes ;^0 at 
870 c*, the dextro-rotation must be caused by some other ^ul>- 
stance normally present in honey* The presence of a dextro- 
rotator?/ substance, other than the dextrose of the invert 
sugar} becomes apparent In the low leva-rotation actually 
found at ordinary temperatures, givai in column A, as corn- 
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pared with the calculated levo-rotatlons foimd in colimns 
B, C, and D, which latter are hased on the supposition that 
the only optically active substance present In the honey is 
Invert sugar • The lowering of the leva-rotation inunt, 
therefore^ l^e due to the presence of a dextro-rotatory con- 
stituent^ and at 87© o.^ where the Invert sugar "becomes in- 
active^ the dextro-rotation appears as such* Note the close 
analogy between the dextro-rotation at S?® C#, and the dif- 
ference between the actixal and the calculated levo-rotatlons 
as expressed in columns B - A, c - A, and D - A# In the 
majority of cases, the dextro-rotation at 87© Is slightly 
lower than the figures in columns B - A, C - A, and D - A, 
as might he expected, since even glucose gives lower read- 
ings at 87^ C#, than at ordinary temperatures, due to the 
difference in expansion of the solution fend the glass of the 
observation tube* The resiats prove that a dextro-rotation 
not exceeding 15<> at 87^ c*, cannot be considered as conclu- 
sive evidence of the adiateratlon of a sample of honey with 
glucose • 
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